1. The production of penicillin N and cephalosporin C by two mutants of a (ephalo8porium sp. has been studied with cultures grown in a chemically defined medium and with suspensions of washed mycelium in water or a buffered salt solution. 2. Antibiotic synthesis began at an early stage of growth and its rate per unit weight of mycelium appeared to pass its maximum as morphological changes were occurring in young hyphae. This rate subsequently declined, but rapid production could continue after net growth had ceased. 3. In a series of shakeflask fermentations in the growth medium, increases in the yield of penicillin N above the mean were correlated with much smaller increases in the yield of cephalosporin C and vice versa. 4. In suspensions of washed mycelium, moderate decreases in the efficiency of aeration increased the yield of penicillin N and decreased that of cephalosporin C. A similar result normally followed the addition of methionine to the suspension fluid, and in both cases there was usually an increase in the yield of the two antibiotics combined. 5. The apparent intracellular concentrations of the antibiotics were much lower than those attained extracellularly and also much lower than those of most of the amino acids in the intracellular pool. No detectable amount of [14C]penicillin N added to the extracellular fluid was found to enter the mycelium. 6. Very small amounts of peptide material whose behaviour was similar to that of the sulphonic acid of 8-(a-aminoadipoyl)cysteinylvaline on paper electrophoresis at pH1 8 were found in extracts of the mycelium that had been oxidized with performic acid. 6-Aminopenicillanic acid and 7-aminocephalosporanic acid were not detected. 7. Ultrasonic treatment of the mycelium resulted in rapid fragmentation of mycelial chains, rupture of many individual cells, and the liberation of amino acids and other substances into the medium. 8. Ultrasonically treated preparations synthesized penicillin N and cephalosporin C rapidly after a lag of 12hr. Antibiotic synthesis was accompanied by the growth of hyphae from swollen mycelial fragments and by the re-establishment of permeability barriers resulting in the uptake of amino acids from the medium.
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Cephalo8porium sp. C.M.I. 49137 and mutants obtained from this species produce both penicillin N and cephalosporin C, which are 8-(D-a-aminoadipoyl) derivatives of 6-aminopencillanic acid and 7-aminocephalosporanic acid respectively.
Experiments in which 14C-labelled DL-amino acids were added to a mutant (8650) of this Cephalosporium sp. growing in a complex medium DL-cx-aminoadipic acid, L-valine or L-lysine to the culture medium and only slight stimulation was observed with L-cysteine (Demain et al. 1963) .
Penicillin N and cephalosporin C have also been produced by washed mycelium of the Cephalo8porium sp. suspended in phosphate buffer (Ott et al. 1962) , or in a mineral salt solution buffered with phosphate (Demain, 1963a,b) . Under the latter conditions L-[1-l4C]valine was incorporated efficiently into cephalosporin C (Demain, 1963b) . Demain (1963a) studied the behaviour of preparations obtained by ultrasonic treatment of a further mutant (C-91) of Cephalosporium sp. 8650 in a mineral salt solution buffered with phosphate.
He reported that these preparations of broken cells synthesized cephalosporin C after a lag of 3hr. but that after centrifugation the supernatant alone produced none and the sediment alone very little.
With a view to obtaining more information about the incorporation of radioactive precursors into penicillin N and cephalosporin C, further studies were made of the production of these antibiotics by intact and broken mycelium respectively and of the concentrations of possible precursors in intracellular pools. The results of some of these studies are given in this paper.
METHODS
A8say of penicillin N and cephalosporin C. The antibiotics were assayed by the hole-plate method (Brownlee et al. 1948) . The combined activity of penicillin N and cephalosporin C in solutions containing both substances was determinedwith Salmonella typhosa (strain Mrs S; Felix & Pitt, 1935) as test organism. This organism is ten times as sensitive to penicillin N as to cephalosporin C. Hence with mixtures containing a substantial proportion of penicillin N the zones of inhibition are virtually determined by the concentration of the latter. The concentration of cephalosporin C was determined with Alcaligene8 faecali8 A.T.C.C. 8750 (Claridge & Johnson, 1962) in agar containing penicillinase (Neutrapen; Burroughs Wellcome and Co., London). This strain of Alcaligenes faecalis is about ten times as sensitive to cephalosporin C as to penicillin N. The amount of penicillinase used (10000 units/l.; 3mg./l.) was 50 times that required to inactivate the penicillin in a solution containing 80 units/ml. under the conditions used. The activity of cephalosporin C was not affected by this concentration of the penicillinase.
Since only small amounts of penicillin N were available, this antibiotic, as well as cephalosporin C, was assayed against a standard preparation of cephalosporin C. Pure sodium cephalosporin C dihydrate is assumed to have an activity of 10 units/mg. A solution containing 0-05mg. of a preparation of penicillin N sodium salt/ml. (80% pure according to chemical assay by the hydroxamic acid method of Boxer & Everett, 1949) gave a zone of inhibition on plates seeded with Salm. typhosa with the same diameter as that produced by 4 units of cephalosporin C/ml. Pure penicillin N sodium salt was therefore assumed to have an activity of 100 units/mg. A solution containing both penicillin N and cephalosporin C whose assay was x units/ml. against Salm. typhosa and y units/ml. (corresponding to 100yleg. of cephalosporin C/ml.) against Alcaligenes faecalis was therefore assumed to contain x-y units/ml.
(10[x-y],ug./ml.) of penicillin N.
Standard solutions containing 4, 2 and 1 units/ml. respectively were used in assays with Salm. typhosa and solutions containing 1, 0 5 and 0*25 unit/ml. respectively in assays with A. faecalis. The slopes of straight lines obtained from plots of log concentration of penicillin N against diameter of inhibition zone on plates seeded with Salm. typhosa were slightlyless steep, in most cases, than the corresponding slopes with cephalosporin C. The ratio of the two slopes (p) varied from 0 7 to 1 0 and the lines intersected at 4 cephalosporin C units/ml. The true concentration, t units/ml., of an unknown solution of penicillin would thus be related to its apparent concentration, x units/ml., measured on the cephalosporin C standard line, by the expression:
The difference between t and x diminishes as p approaches 1 or as x approaches 4. In the present work penicillin N was usually assayed at concentrations that gave activities between 2 and 6 units/nd. Under these conditions the maximum errors to be expected from the use of cephalosporin C instead of penicillin N, as a standard (with p 0.7) were -19x3% (x=2) and + 12.8% (x= 6) respectively. No attempt was made to eliminate these errors by determinations of p for different assays.
Cephalosporin P, in addition to penicillin N and cephalosporin C, was present in some of the culture fluids studied (Burton & Abraham, 1951) . At the concentrations in which it was encountered, however, cephalosporin P was inactive against Salm. typhosa and A. faecalis.
Fungi used for antibiotic production. aephalosporium sp. C.M.I. 49137 was isolated by Brotzu (1948 on a rotary shaker (140 rev./min. with a 2in. throw), which was surrounded by a box, kept at 27-5°, through which a slow stream of air was drawn. In some cases fermentations were carried out in 250ml. flasks with similar indentations, each flask containing 50ml. of medium. The medium used had the same composition as the chemically defined medium no. 3 described by Demain et al. (1963) except that L-asparagine (7.5g./l.) was added in place of (NH4)2SO4 (Abraham, Newton & Warren, 1964) .
Produion ofantibiotic8 bysu8pens8ion8 ofwa8hed mycelium.
(a) By intact mycelium. Cultures of the Cephalo8porium sp. were harvested when antibiotic production had reached about half its maximum (usually 72hr. after inoculation) and the mycelium was separated by filtration through hardened filter paper (Green's Hyduro, 904) The protein content of ultrasonic extracts of mycelium (supernatants obtained after centrifugation for 20min. at 16000g) was determined by the method of Lowry, Rosebrough, Farr & Randall (1951) .
(d) By mycelium disrupted by ultrasonic treatment and shaking with glass beads. In some cases mycelium which had been subjected to ultrasonic treatment was disrupted further by shaking with glass beads (4mm. diam.) under the conditions described by Demain (1963a Samples (10mg.) of the residues were dissolved in a 1-5% solution of performic acid in 98% (w/w) formic acid (2 ml.), the solutions kept at -10°for 6hr. and then diluted with water (20ml.) and freeze-dried. The residues were analysed with an amino acid analyser (made by Arthur Guinness, Son and Co. Ltd.) similar to the one described by Moore & Stein (1951) .
Paper chromatography and electrophoresis. Paper chromVol. 103 879 atograms were run in butan-l-ol-acetic acid-water (4:1:4, by vol.) on Whatman no. 1 paper for 16hr. or with the same solvents (4:1:5, by vol.) on Whatman no. 4 paper for 4-6hr. at 4°. Electrophoresis was carried out on Whatman no. 1 or no. 4 paper: (1) at 70v/cm. in an apparatus similar to that of Katz, Dreyer & Anfinsen (1959) in pyridine acetate buffer (0.05m to acetate), pH4*5, or in 20% (v/v) acetic acid containing 2% formic acid, pH18; (2) at 13v/cm. in collidine acetate (0.05M to acetate), pH7*0, in an apparatus similar to that described by Flynn & de Mayo (1951) . Amino acids and peptides were coloured with ninhydrin. Cephalosporin C and deacetylcephalosporin C were detected by their absorption of ultraviolet light . Penicillin N and cephalosporin C were also detected by bioautography on plates seeded with Salin. typko8a.
Amino acid oxida8e8. Dried venom from Crotalus adamanteus (from Ross Allen's Reptile Institute, Silver Springs, Fla., U.S.A., supplied by Koch-Light Laboratories Ltd., Colnbrook, Bucks.) was used as a source of L-amino acid oxidase (Ratner, 1955; Wellner & Meister, 1961) . The dried venom was dissolved in 0-2M-N-ethylmorpholine-HCI buffer, pH7.2, to give a concentration 10-12mg./ml. The solution was dialysed in Visking tubing at 40 for 4hr. against at least 50vol. of the same buffer. The pH of the dialysed enzyme was adjusted to 7-8 by addition of Nethylmorpholine immediately before the enzyme was used (for pH-substrate relationships of L-amino acid oxidases see Paik & Kim, 1965) . Oxidation of L-amino acids was measured manometrically in a Warburg apparatus at 380, with air as the gas phase and 2N-KOH in the centre cup. The main compartment contained dialysed enzyme in N-ethylmorpholine-HCl buffer, pH8.5 (1 ml.), catalase (51pl. of a suspension of a crystalline preparation from C. F. Boehringer und Soehne G.m.b.H., Mannheim, Germany) and 0-Im-KCI (0.6ml.). The substrate, in water (0-2ml.), was placed in one side arm and appropriate L-amino acid in water (0-2ml.) in the other. The enzyme preparation used catalysed the oxidation ofL-a-aminoadipic acid, but not that of L-aspartic acid, L-glutamic acid or L-proline.
D-Amino acid oxidase from hog kidney was from British Drug Houses Ltd., Poole, Dorset. The crude enzyme was stirred with ice-cold 0O1M-sodium pyrophosphate buffer, pH8-3 (10-12mg./ml.), and undissolved solid removed by centrifugation at 2°. Oxidation of D-amino acids was measured manometrically with 02 as the gas phase. Measurements of radioactivity. Radioactivity was measured with a gas-flow counter (Nuclear-Chicago Corp., Des Plaines, Ill., U.S.A.). Samples were counted at infinite thinness as described by Trown et al. (1962) .
Purification of [14C] penicillin N. Mycelium of Cephalosporium sp. mutant 8650 was harvested 72hr. after inoculation from eight 5000ml. shake flasks (each containing lOOml. of culture) and washed with water. The damp-dry mycelium was distributed in equal amounts into four 500ml. shake flasks each containing water (90ml.), DL- methionine (2mg./ml.) and DL-[1-14C]valine (1-39,uc/ml., 0 292,umole/ml.). The flasks were shaken at 135 rev./min. (2in. throw) and 27.50 for 8hr. The filtered suspension fluid and washing (500ml., pH7.4) contained 42,ug. of penicillin N/ml. but less than 3 5,ug. of cephalosporin C/ml. (biological assay). It was freeze-dried to give a powder (1-67g.) containing 12.6pg. of penicillin N/mg. The powder was extracted three times with 15ml. of 70% (v/v) ethanol and then once with 5ml., the solid being removed by centrifugation. Much of the ethanol was removed from the combined supernatants by distillation in vacuo on a rotary evaporator. Water (lOml.) was then added and the solution freeze-dried to give a powder containing 31 Lg./mg. of penicillin N. The total amount of penicillin N was 20-5mg. (yield 97%). Purification of this product was carried out by a chromatographic method similar to that used by Flynn, McCormick, Stamper, DeValeria & Godzeski (1962) for the isolation of isopenicillin N.
The product was dissolved in water (1-5ml.) and propan-2-ol (3-5ml.) was added. The mixture was shaken and the top layer removed. 70% (v/v) Propan-2-ol (3ml.) was added to the residue and the process repeated. After two more similar extractions most of the propan-2-ol was removed from the combined extracts on a rotary evaporator, water (0-5ml.) was added and the solution freeze-dried. The residue was dissolved in water (0-6ml.), propan-2-ol (1.4ml.) added and insoluble material removed by centrifugation. The supernatant was applied to a column (43cm. x 1cm. diam.) of Sephadex G-25 (fine) packed in 70% (v/v) propan-2-ol and surrounded by a jacket of water at 8-12'. The column was developed with 70% (v/v) propan-2-ol, fractions of 2-Sml. being collected every hour. Biological assay indicated that penicillin N (15mg.; 72% yield) was present in fractions 63-81. Measurements of extinction at 260mju indicated that cephalosporin C (approx. 1mg.) was present in fractions 68-88. Fractions 67-77 were pooled, much of the propan-2-ol was removed by rotary evaporation and the residual solution diluted with water and freeze-dried. The resulting preparation of [14C] penicillin N was a white powder, about 70% pure by biological assay, with a specific radioactivity 0.39,c/mg. A radioautograph was made after electrophoresis of a sample on paper at pH4-5 followed by chromatography in butan-l-ol-acetic acid-water. Subsequent counting of the radioactive spots indicated that 80% of the radioactivity was associated with penicillin N, and 18% with a compound which behaved like penicillin N penicilloate. About 2% of the radioactivity was found in the area occupied by cephalosporin C (Fig. 6) .
[ 
RESULTS
Antibiotic production in a chemically defined growth medium. The production of penicillin N and cephalosporin C by Cephalosporium sp. C-91 and the change in mycelial weight with time are shown in Fig. 1 . The change in mycelial nitrogen paralleled the change in mycelial weight. Qualitatively similar curves were obtained with mutant 8650.
With both organisms the production of penicillin N and cephalosporin C began in the early stages of the growth of the culture but continued for 40hr. or more after net growth had ceased (Fig. 1) . The rates of antibiotic production per unit weight of mycelium reached a maximum about 45hr. after inoculation.
The two mutants produced similar amounts of penicillin N, but C-91 produced considerably more cephalosporin C than did 8650. In neither case was there a clear-cut difference between the timecourse of penicillin N production and that of cephalosporin C, at least during the first 72hr. However, in a series of fermentations with mutant 8650, in which the yield of penicillin N at 72hr.
varied from 0-1,umole/ml. to 1.0,umole/ml., increases in the values for penicillin N tended to be associated with much smaller increases in the values for cephalosporin C. Fig. 2 shows the experimental values and calculated regression lines of N on C (A) and C on N (B).
At 24hr. after inoculation the new mycelial growth was mainly in the form of long hyphae with few septa apparent. By 48hr., segmentation of the mycelium was beginning and this was pronounced after 72hr. when about 60% of the mycelial threads were entirely segmented and only about 5% contained no septa. At 120hr. considerable fragmentation of the mycelial chains was observed. Staining with Sudan IV indicated that lipid was laid down at the corners and along the walls of the cells between 24 and 72hr. after inoculation.
When the fermentation was continued beyond the time at which maximum yields of antibiotics were obtained, the concentrations of both penicillin N and cephalosporin C in the culture fluid generally decreased. An attempt was made to ascertain whether the loss of antibiotics was due to their incorporation into the organisms in the later stages of the fermentation. A solution of L[1-14C]valine (20,uc, 4 -2 umoles in 0-5ml. of water) was added to a culture in a 250ml. shake flask 72hr. after inoculation and the fermentation continued for 1 hr. Other experiments indicated that virtually all the radioactivity in the culture fluid after this time would be present in penicillin N, cephalosporin C and deacetylcephalosporin C. This culture fluid, whose radioactivity was determined, was added immediately to the damp-dry mycelium obtained by filtration from a sister flask to which no [14C]-valine had been added and the fermentation continued in the latter flask as before. Samples had remained undisturbed throughout the fermentation, were used for biological assay of penicillin N and cephalosporin C. The results of these measurements (Fig. 3) showed that the fall in the concentration of penicillin N and cephalosporin C was not accompanied by a similar fall in radioactivity. The decrease in the radioactivity of the culture fluid observed 24hr. after the initial measurement was made may be attributed to dilution of the 14C-labelled culture fluid with unlabelled culture fluid trapped in the damp-dry mycelium to which the former was added.
Antibiotic production by washed mycelium. The formation of penicillin N and cephalosporin C in a suspension in water ofwashed mycelium of Cephalosporium sp. 8650 is shown in Fig. 4 . Biosynthesis of penicillin N and cephalosporin C continued at a similar rate for at least 1-2hr. after the mycelium was harvested. It then normally continued at a slower, but substantial, rate for a further 8hr. and in some cases for a further 24hr. Similar results were obtained with mutant C-91. The production of antibiotics by suspensions of washed mycelium which had been stored at -20°for up to 4 days did not differ significantly from that by the same batch of mycelium which was resuspended immediately after harvesting.
Suspensions of washed mycelium which had been homogenized frequently produced up to 50% more cephalosporin C than did control suspensions within 5-lOhr., and also showed a significant, though smaller, increase in the production of penicillin N. These increases may have been due to an increase in the efficiency of aeration after breakages in the long mycelial chains during homogenization. Although the appearance of the cells under phase contrast was not obviously changed, the mean length of the chains before homogenization was 30,u (range 11-105,u), whereas after homogenization it was 95,u (range 2*25+ 22.51t). When the efficiency of aeration was lowered by increasing the volume of suspension in similar shake flasks, the yield of penicillin N after 5hr. increased and that of cephalosporin decreased (Table 1) . When the speed of shaking was decreased from 200 to 60 rev./min. with a constant volume per flask, the penicillin N produced was reduced by 50% and cephalosporin C production ceased.
No clear-cut effects on the production of penicillin N and cephalosporin C by washed mycelium were produced when suspensions in water were replaced by a suspension in sodium phosphatepotassium phosphate buffer, in the buffered salt mixture described by Demain (1963a) , or in a solution containing DL-xc-aminoadipic acid, Lcysteine and valine (2mg./ml.). However, addition of DL-methionine (2mg./ml.) to suspensions commonly resulted in an increase of threefold or more in the quotient penicillin N produced/cephalosporin C produced. This change usually reflected an increase in the production of penicillin N, a decrease in that of cephalosporin C, and an increase in the total amount of the two antibiotics. Two experiments indicated that D-methionine was more effective than the L-isomer in these respects.
Antibiotic production by washed mycelium after ultrasonic di8integration. The production of antibiotics was studied with suspensions obtained by subjecting washed mycelium of Cephalo8porium sp. 8650 to homogenization in water or the buffer used by Demain (1963a) , followed by ultrasonic treat- With suspensions contained only from one to two cells and these cells aent for 5, 10 and appeared to contain fewer granules than those of N after 10hr. were the original mycelium. In many cases a terminal cd 20% respectively cell was open at the far end and apparently empty, The corresponding as though a previously contiguous cell had been 3 about 66, 30 and removed with a septum. Other fragments conter ultrasonic treat-sisted only of cylindrical cell walls sometimes with here was a lag in a septum. The morphological changes that occurred o 10hr., which was as the time of treatment with ultrasound was Ltibiotic production, increased were reflected in changes in the total s of penicillin N and number of discrete mycelial fragments and in the those in the homo-number of colonies that grew when samples of the ttained with mutant suspension were plated ( Table 2 ). The total counts isMS the concentra-increased rapidly for 5min. as the mycelial chains declined, but more were broken and then much more slowly. The treated suspensions colony counts appeared to reach a maximum after a single experiment 15min. and then declined. After 30min. about was continued for 4-7% of the mycelial fragments appeared to be )n was detected.
viable. Table 3 . Uptake of material liberated from mycelium by homogenization and ultra8onic treatment Suspensions of mycelium (mutant C-91) in water were subjected to homogenization and to homogenization followed by ultrasonic treatment for 30min. as described in the Methods section. Samples (6ml.) of homogenates and ultrasonically treated material were shaken in flasks (50ml.) at 200 rev./min. and 270. Flasks were harvested at different times and their contents centrifuged at 2500g for 15min. Samples of the superantants were freezedried and the residues weighed. All supernatants from homogenized material were nearly clear. Supernatants from ultrasonically treated material were initially slightly opalescent, but were clear when taken from flasks which had been shaken for more than 12hr. Sediments obtained after centrifugation were washed with a little water on to a filter, sucked damp-dry and weighed. They were then dried at 1050 and reweighed. Colony counts carried out after resuspension for 24hr. in shake flasks showed an approx. twofold increase in the number of viable particles in homogenized mycelium. No corresponding increase was found under the same conditions, in the number of viable particles in mycelium subjected to ultrasonic treatment.
Relatively little change in morphology was observed when suspensions which had been treated ultrasonically for 30min. were incubated in shake flasks for periods varying from 5 to 10hr.; but within this time non-septate hyphal tubes were seen to be protruding from occasional cells. After 24hr., however, when antibiotic production had reached its maximum, the number of growing hyphae had greatly increased. This growth was accompanied by a disappearance from the supernatant fluid of much of the material liberated from the mycelium by ultrasonic treatment and a gain in the dry wt. of the sedimentable material (Table  3 ). The increase in the dry wt. of the latter was accompanied by a proportionally greater increase in its water content. Thus after 1Ohr. the quotient damp-dry wt./dry wt. had risen from 7-8 to 12-2. Table 4 . Extracellular and intracellular concentratiowns of penicillin N and cephalosporin C Mycelium (mutant 8650) was harvested after growth for different times in a chemically defined medium in shake flasks (500ml.). Antibiotics were estimated by antibacterial assay. Intracellular antibiotics were extracted with cold 70% (v/v) ethanol and water (see the Methods section). Intracellular concentrations are those calculated on the assumption that the antibiotics were freely diffusable through an intracellular volume of 0-63ml./g. of damp-dry mycelium. The amounts of intracellular antibiotics/g. of damp-dry mycelium are thus 0-63 times the values given for intracellular concentrations. Although the antibiotics have been assayed as penicillin N and cephalosporin C respectively, further studies are needed to distinguish them from the corresponding iso compounds with side-chains derived from L-oc-aminoadipic acid instead of from the D-isomer.
Concn. of penicillin N (,umoles/ml.) The weights of material liberated from the mycelium by homogenization and ultrasonic treatment respectively were paralleled by the extinction at 260m,u of clear supernatants obtained by centrifugation at 16000g for 20min., El/ for the material in the supernatants being approx. 30. Paper chromatography and electrophoresis revealed that the material also contained a mixture of amino acids and other ninhydrin-positive substances. During resuspension in shake flasks there was a decrease in the extinction at 260m,u of the supernatant fluid and also in the ninhydrin-positive material present.
Mycelium which had been homogenized and subjected to ultrasonic treatment was ground with glass beads in the manner described by Demain (1963a) . After grinding, the number of viable fragments fell to about 1% of the number present after ultrasonic treatment. However, such ground mycelium failed to produce detectable amounts of penicillin N or cephalosporin C when suspended in buffer in shake flasks for 24hr.
Intracellular and cell-bound compounds. Apparent concentrations of certain intracellular or cellbound compounds or both were calculated on the assumption that these compounds were distributed uniformly through a volume equal to that of the intracellular water and that the latter was 0-63ml./ g. of damp-dry mycelium. This value was derived from the loss of weight of the damp-dry mycelium (79%) on drying at 1050 and an arbitrary correction for loss of intercellular water. It is similar to that estimated for the intracellular volume of E. coli (Roberts, Abelson, Cowie, Bolton & Britten, 1955) .
Penicillin N, cephalosporin C, 6-aminopenicillanic acid and 7-aminocephalosporanic acid. Apparent intracellular and extracellular concentrations of penicillin N and cephalosporin C, as estimated by antibacterial assay with mycelium harvested at different times during fermentation in the chemically defined medium, are shown in Table 4 . There appeared to be some increase in the intracellular concentration of both substances between 48hr. and 72hr. or 96hr. after inoculation, but this was much smaller than the rise in extracellular concentrations. The quotients extracellular concentration/intracellular concentration varied between 7 and 20.
In an experiment to ascertain whether a detectable amount of penicillin N could enter the mycelial cell from the extracellular fluid, [14C] penicillin N (0-4mg., 0-1365,uc in 0-lml. of water) was added to 2ml. of a suspension of washed mycelium (1g. of damp-dry mycelium/6ml.) in a Warburg vessel. The flask was shaken in oxygen for 8hr. Less than 0-4% of the added radioactivity was present in a 70% (v/v) ethanol extract of the filtered washed mycelium. Analysis of the extracellular fluid by radioautography after paper chromatography and electrophoresis indicated that less than 0-5% of this radioactivity could be attributed to a compound which behaved like cephalosporin C. Virtually all the added [14C]penicillin N was recovered.
The positions of penicillin N, cephalosporin C and other compounds after electrophoresis and chromatography on paper are shown in Fig. 6 .
Material from culture fluids containing penicillin N and cephalosporin C and also from the intracellular pool was subjected to paper electrophoresis and chromatography and phenylacetylation was then carried out on the paper (Loder, Newton & Abraham, 1961) . Subsequent bioautography gave no indication of the presence of 6-aminopenicillanic acid or of 7-aminocephalosporanic acid. The method used would have detected 0-008,umole of the former compound and 0-03,umole of the latter in lg. of damp-dry mycelium.
Amino acids. No oxygen uptake was observed although less than 1 ,tmole of amino acids susceptible to oxidation (Burton, 1955; Wellner & Meister, 1961) was detectable under the conditions used. When a second sample (10-7mg.) reacted with L-amino acid oxidase, oxygen uptake corresponded to 16-5,u- moles of L-amino acid.
Several ninhydrin-positive substances in the amino acid pool were not characterized or were not completely resolved from each other by the amino acid analyser under the conditions used. The nature of some of these substances was revealed by paper electrophoresis and chromatography of samples (usually about 500,ug.) of 70% (v/v) ethanol extracts. Electrophoresis at pH4-5 revealed a number of substances which migrated towards the anode. The major ninhydrin-positive spot was not resolved from glutamic acid, penicillin N and cephalosporin C. Smaller spots were present in the positions of a-aminoadipic acid, aspartic acid and glutathione disulphide respectively (Fig. 6) . Minor compounds migrated slightly faster than a-aminoadipic acid and slightly slower than glutamic acid respectively. These compounds were shown to behave like saccharopine (Kjaer & Larsen, 1961) and glutathione respectively. A minor compound which migrated slightly less far than glutatbione disulphide was shown to be saccharopine lactam (Fig. 6) . Three minor compounds which migrated towards the cathode at pH4-5 were identified as ,-alanine, y-aminobutyric acid and 8-aminovaleric acid respectively. y-Aminobutyric acid migrated slightly less far than 8-aminovaleric acid and about 0.5 times as far as lysine.
After oxidation with performic acid of the crude mixture of substances extracted from the intracellular pool electrophoresis was carried out at pHl-8. Under these conditions at least two ninhydrin-positive substances were found to migrate towards the anode. The substance responsible for the major spot was glutathione sulphonic acid. A second spot, about one-fifth of the size of that due to the latter, was due to cysteic acid, which migrated about 2-5 times as far as glutathione sulphonic acid. In some experiments two smaller spots were detected slightly nearer to the origin Whether enzyme-catalysed reactions were involved in the decline in the concentrations of the two antibiotics after they had reached maximum levels in the culture fluid was not established. A similar phenomenon with bacitracin has been attributed to the incorporation of the latter into the spore coat of Bacillus licheniformi8 (Bernlohr & Novelli, 1963) although this interpretation has not been confirmed (Snoke, 1964 The addition of methionine to suspensions of washed mycelium caused changes in the yields of penicillin N and cephalosporin C which were qualitatively similar to those produced by moderate decreases in the efficiency of aeration. The present experiments throw no light on the mechanism by which these changes occur, but D-methionine, which was more effective than the L-isomer in producing them, was also metabolized more extensively by the mycelium.
The ability of suspensions of washed mycelium of the Cephalosporium sp. to synthesize antibiotics without the addition of any energy or nitrogen source to the extracellular fluid appeared to be paralleled by an ability to maintain an amino acid pool at a nearly constant level. No significant proportion of the pool consisted of D-amino acids susceptible to oxidation by D-amino acid oxidase, in contrast with the amino acid pool in Bacillus brevis, at least one-seventh of which was reported to consist of D-isomers (Okuda, Uemura, Bodley & Winnick, 1964) . The pool from the Cephalosporium sp. was characterized by relatively high concentrations of glutamic acid, proline and alanine, which are readily derived from members of the tricarboxylic acid cycle, but relatively low concentrations of three amino acids, a-aminoadipic acid, cyst(e)ine and valine, which are precursors of penicillin N and cephalosporin C. However, although the concentration of cyst(e)ine was low, those of serine and taurine (after oxidation with performic acid) were relatively high. The interrelationship of these amino acids may be connected with the ability of methionine to stimulate the production of penicillin N and cephalosporin C by the Cephalosporium sp. in a growth medium. Demain et al. (1963) suggested that methionine raises the concentration of cysteine by repressing the synthesis of cystathionase, an enzyme able to degrade cysteine to pyruvate (Rowbury & Woods, 1964) .
The presence of saccharopine, as well as lysine, in the amino acid pool, is consistent with the assumption that the former is an intermediate in the formation of L-lysine from L-cx-aminoadipic acid in this organism, as it appears to be in Neurospora crassa (Jones & Broquist, 1965) . And the presence of a substance that appears to be 8-aminovaleric acid indicates that L-c-aminoadipic acid can undergo decarboxylation as well as conversion into L-lysine.
Relatively very small amounts of penicillin N and cephalosporin C (or of substances that behaved like them on biological assay) were extracted from the mycelium. Hence the antibiotics were either excreted against a concentration gradient or they were confined to a small fraction of the total cell 888 1967 Vol. 103 CEPHALOSPORIN BIOSYNTHESIS 889 volume, and an experiment with [14C] penicillin N suggested that virtually none of the extracellular penicillin N re-entered the mycelium. Other work with P. chry8ogenum has indicated that the extracellular benzylpenicillin produced during fermentation reaches much higher concentrations than the intracellular concentration of this antibiotic (Demain, 1957) . A possible intermediate in the biosynthesis of penicillin N and cephalosporin C is the tripeptide 8-(c-aminoadipoyl)cysteinylvaline, which has been obtained in the form of its sulphonic acid from the mycelium of P. chry8ogenum by Arnstein & Morris (1960) . Material that behaved like this sulphonic acid on electrophoresis at pHl-8 was only just detectable by the ninhydrin reaction when extracts of the Cephalo8porium sp. were treated with performic acid and preliminary experiments indicated that this material was not homogeneous. Thus the tripeptide did not accumulate in the cell in an amount comparable with that of glutathione. 6-Aminopenicillanic acid and 7-aminocephalosporanic acid were not detected in mycelial extracts by the procedures used. If any of these compounds function in the free state as intermediates in the biosynthesis of penicillin N or cephalosporin C they reach only very low concentrations in the cells, like the antibiotics themselves. Demain (1963a) suggested that the use of mycelium broken by ultrasonic treatment might represent the first step towards a cell-free system able to synthesize cephalosporin C. The results of experiments described here with mycelium subjected to ultrasonic treatment were qualitatively similar to those reported previously (Demain, 1963a) . However, the lag before rapid antibiotic production began was nearly 12hr. Most of the amino acid pool of the mycelium appeared in the supernatant fluid on ultrasonic treatment and the mycelial chains underwent extensive fragmentation with disruption of many individual cells. After the lag the amino acids disappeared in large measure from the supernatant and it appeared that permeability barriers had been re-established. At the same time new hyphae were seen to be growing from cells of swollen or distorted appearance. Thus the system used in these experiments in which penicillin N and cephalosporin C were synthesized was not cell-free. The conditions under which cells damaged by ultrasonic treatment can re-form the systems necessary for antibiotic production required further study. 
